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Figure 1. 


NEW, SILVERED-MICA, STANDARD CAPACITORS, TYPE 1409 


It has been almost twenty-five years 
since the General Radio line of standard 
mica capacitors was develoi>ed under the 
direction of the late G. W. Pickard. The 
characteristics sought for those capaci¬ 
tors were stability, accura(?y, low losses, 
and convenience of use. These character¬ 
istics are still the objective in a labora¬ 
tory standard capacitor, but today’s 
criteria are necessarily somewhat more 
severe than were those of a quarter-cen¬ 
tury ago. It is, therefore, a tribute to the 
soundness of the original design that a 
great many of its details as well as its 
principles are included in the new Type 
1409 Standard Capacitors, currently in 
production. 

Primarily, the new capacitors take 
advantage of the improvements po.ssible 
with firoperly processed silvered mica, 
but in the course of the development all 
phases of design and manufacture were 
reviewed and a considerable number of 
changes made. 

STABILITY 

Stability was secured in the original 
design by: (1) the omisvsion of impreg- 
nants, such as wax, which could change 
with time and ambient conditions; (2) 


silica gel sealed into the case with the 
stacked unit to protect from any residual 
moisture; (3) a clamping structure hav¬ 
ing a low-rate spring so that pressure on 
the stacked unit would be sensibly con¬ 
stant with time and temperature; and 
(4) artificial aging by temperature cy¬ 
cling. These features, which are retained 
in the new units, produced an excellent 
capacitor, which, nonetheless, showed a 
tendency to increase in capacitance over 
the years at a slow but predictable rate. 
Figure 2, which is the record of our own 
working standards over a 22-year period, 
shows a linear increase after the first 
year, when percentage change in capaci¬ 
tance is plotted against the logarithm 
of time. The initial and normal first-year 
drift of these units was largely eliminated 
by the artificial aging; hence a drift of 
0.1% in approximately ten years after 
shipm(‘nt was the expected performance. 
It is interesting to speculate whether the 
units in question will continue at the in¬ 
dicated rate and drift another 0.1% in 
the next 100 years, but the matter is ob¬ 
viously of somewhat academic interest 
to most of us. 

The mechanism of the drift in a ca¬ 
pacitor with foil electrodes is believed 
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to be a Krachial flow of the soft foil, in- 
creasiiip; the intimacy of conlnct with the 
mica and perhaps increasiii^i; the area of 
the foil. In the new Typk 1409 Standard 
Capacitor eacli sheet of mica has silx ered 
electrodes, assuring a mucli higher de- 
grc*i? of contact between mica and elec¬ 
trode. Additionally, soft foil is still used 
to insure low-resistance contact to the 
electrodes. 

Data taken over a three-year {>eriod 
on cai)acitors with this new construction 
show no evidence of systematic caj)aci- 
tance drift. Such changes as have been 
ob.served are random and less t han .01% 
(100 ppm). An order-of-magnitude im¬ 
provement over the previous design is 
indicated, with a distinct possibility that 
the improvement is ev(‘n greater than this. 

ADJUSTMENT ACCURACY 

Tlie older type capacitors were ad¬ 
justed within 0.25% of nominal accuracy 
by trimming; large capacitance values 
were adjusted by a second,.small unit in 
parallel, while small capacitance values 
were ailjusted by a large unit in .series. 
In the new construction the use of 
silvered-electrode mica ]K‘rraits adjust¬ 


ment within 0.1% in a .single unit for the 
large capacitance values. In the smaller ^ 
values a very small adjusting capacitor 
is used for final adjustment. 

ELECTRICAL CHARACTERISTICS 

In addition to low di.s.sipalion factor 
and high ultimate iirsulation resi.stance, 
interest has focused in recent years on 
dielectric absorption, of importance in 
tl-c or ultra-low-frequency api)lications. 
Actually, dielectric al)Sorption and di.s- 
sipation factor at audio frequencies are 
aspe<.*ts of the same phenomenon, both 
being cliargeable to interfacial polariza¬ 
tions occurring at fre<|Uencies below one 
cycle per second. Tlie typical rise in dis¬ 
sipation fa(*tor at low audio frequencies 
is shown in Figure 5. 

The mica used in the Type 1400 is 
selected to have average dissipation fac¬ 
tor of no more than ().(K)02 at 1 kilo¬ 
cycle aiul insulation resi.stance of at ^ 
least 5,000 megohm-microfarads. This 
usually means clear, or clear and fair- 
staiiuxi, ruby mica, but selection is ulti¬ 
mately on the biisis of electrical per¬ 
formance rather than on arbitrary visual 
quality. 



Figure 2. Record of 
change in capacitance 
of Type 509 Standard 
Capacitors in General 
Radio laboratories 
over a 22-year period. 
Range of observed 
changes in the new 
Type 1409 units for a 
3-year period is shown 
by the dashed lines. 
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Moisture is the deadly enemy of good 
^ elcKitrical performance in mica, and ex¬ 
treme care must be taken to exclude 
moisture during assembly of the capaci¬ 
tor. The mica is stored at an elevated 
temperature for an extended period be¬ 
fore assembly. Actual assembly is done 
in an air-conditioned room with relative 
Immidity maintained at 30% or lower. 
The assembled capacitor stacks are 
placed in desiccators until final assembly 
into their cases. 



HOUSING AND CALIBRATION 

Like their predecessors, the new Type 
1409 Standard Capacitors are encased 
in a cast-aluminum enclosure, but this 
also has l>eeu ixHlesigned. Weight has 
been reduced, center of gravity moved 
nearer the binding posts, and four units 
have been substantially reduced in vol¬ 
ume and weight. An independent ground 
^ binding post has been addwl so that 
these units may be used either as two- 
terminal or three-terminal capacitors. 
Indicated stability and uniformity of 
temperature coefficient are good enough 
so that an accurate knowledge of the 
temperature is useful. Hence, provision 
has been made for the insertion of a dial- 


Figure 3. Dimensions of the Type 1409 Standard 
Capacitors. 

type, bimetallic thermometer into a wall 
of the case. 

To absorb any residual moisture that 
may remain in spite of all precautions, 
a quantity of silica gel is sealed into the 
imit. To insure a good .st^al and anchor¬ 
age* between the metal and the sealing 
compound, a groove is milled into the 
inside walls of the case. Finally, a metal 
plate is fastened to the bottom to com¬ 
plete the electrostatic shielding. 

Mica and foil arc so stacked that the 
two outside foils are connected to the 
low (L) terminal. This partial shield re¬ 
duces the capacitance between the liigh 


Figure 4. Mica for the 
Type 1409 Standard 
Capacitors is selected 
for low losses in this 
test setup using the 
Type 1605-A Imped¬ 
ance Comporator. 




lET LABS, INC in the GenRad tradition 

www.ietlabs.com 

534 Main Street, Westbury, NY 11590 TEL: (516) 334-5959 • (800 ) 899-8438 • fax: (516) 334-5988 


























GENERAL RADIO EXPERIMENTER 


6 


(H) trrmiiml and case (O), and mini¬ 
mizes the difTer(*nro between the two- 
terminal and three-terminal values. 

CALIBRATION 

Eaeh eapaeitor is adjusted to within 
it 0.1% of its nominal value. I'he meas¬ 


ured eapaeitances for both the two- 
t<*rminal and the three-terminal eonnec- ^ 
lions, at one kilocycle, are entered on the 
calibration certificate supplied with each 
capacitor. 

— IvA.v G. E.\.sto.\ 

P. K. McElrov 


SPECIFICATIONS 


Accuracy of Adjustment: Within dtz 0,1% of the 
norninnl cupuritance value engraved on the rase. 

Calibration: .Measurcnl values of capriritance for 
both the two-terrainal and the three-terminal 
ronnertion.s at a sperified room tenjperature are 
entered in the calibration certificate. These 
values lut* obtained by tlirect t'ornparison. to a 
prwisiori of better than 0.01%, vriih a like 
standarrl periodically certified by the National 
Bureau of Standards to an accuracy rd db 0.03% 
in absolute capacitance. 

The Tyi'K 1409 Standard Capacitors may be 
conn€*rtetl in parallel with no cumuLativc error, 
h}' plugKing tliem Uigether. 

Tamporotura Coofficiant of CopocHoncc: 4*35 dlO 
ppm per degree Centigrade between 10“ and 
C. 

Dissipation Foctor: Less than 0.0003 at 1 kc and 
23“ (-'. See Figure 5. 



Fraqucncy Chorocfcrisfics: See Figure 5. V^alues 
of .series inductance and .series resistance at I 
.Me are given in the table l»elow. This resistance 
varies as the .square nKit of the frequency for 
frc<|Uoncios above 100 kc. 

Lcokogo Resistance: 5,000 mogohm-tnicn>fanids 
or KXl.OOO mcgrdims. whichever is the le.s.Hcr. 
Maximum Voltage: 500 volts peak at frequencies 
below the limiting frequencies tabulate*! Itelow, 
.\t higher frofniencies the allou'able voltage 
decreavse.s atul i.s inversely proportional to the 
frequency, approximately. Thei?e limits cor- 
resftond to a temperature rise of 40" Ccntigracle 
for a power tllssipation of 5, 6. and 7.5 watts 
rospcjctively. for the three case sizes. 

Mounting: Cast aluminum cases with rubljer 
feet. 

Torminols: Two insulate*! jack-top terminals, 
plus jack-top terminal ainl ground strap. 
Dimonsions: See Figure 3. 



Figuro 5. (toff) Fractional chongo in capacitance os a function of frequency. 
{Right) Dissipation factor as a function of frequency. 
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MEASUREMENT OF CABLE CHARACTERISTICS (Part III) 


ATTENUATION OF 
DUAL-COAXIAL CABLES 

DiiaU'oaxial cables are matle up of 
two, separate, individually shielded, 
coaxial cables encased in an additional 
common braided shield and a common 
jacket. Attenuation is measured for each 
individual coa.xial core separatel}^ and 
thus the method described above for 
coaxial cables can be used without modi¬ 
fication. The impedance of these cables 
is usually 02.5 ohms for each coaxial 
core (125 ohms total for both cores), and 
the reflection-loss, as determined from 
Figure 0, is 0.1 db. 

ATTENUATION OF SHIELDED 
TWIN-CONDUCTOR (“Twinax”) CABLES 

Shielded twin-conductor or “twinax’^ 
cables consist, as the name implies, of a 
pair of parallel, spaced wires surrounded 
^ by a shielding braid and must usually 
be measured only at 400 Me. They can 
be measured usijig the same method 



Figur* 6. ReflecHon-loss correcHon (to be subtracted) 
vs. cable impedance and VSWR. 

with a slight modification of the setup 
already describecl for coaxial cables. All 
that is nece.ssary is the addition of two 
Type 874-UB Halims (balanced-to-un- 
balanced transformers) to the setup at 
the points where the cable connects to 
the measuring equipment, as shown in 
Figure 7. 

In this figure the details of the signal 
.source and heterodyne-type detector are 
not repeated, since they are the same as 
those shown in Figure 4 (Part 11). 


Figur* 7. Salup far the measurement of attenuation in twinox cables at 400 Me. 
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Baiuns: The Tvpi: STI-UH Halun is a 
tuned type, and each l)alun requires 2 
T'^’pe 874-1)20 Adjustable Stubs and 
2 Type S71-L10 10-cm Air Lines for use 
at 400 Me. The stubs have calibratCMj 
scales, and both are sirnt)ly set to read 
“17.5 cins.’’ to tune the baluns to UX) 
Me. Type 874-1"B-IM Adaptor provides 
a reliable .shieldcaleoiuiectionbetween t lie 
output of each balun and a Type UG- 
422/r twinax .socket connector, which 
connects diriH*tly to Type UG-421/U 
twinax cable plugs on the cable pads. 
Cable Pads: These can be made using a 
length (to give aliout 10 db attenuation 
each) of the same cable type as that 
under te.st. Small-size twinax cable used 
for sample and pads can be fitte<l direct¬ 
ly to the rG~l22/r seric*s of twinax con- 
luKdors u.sed on the balun terminal units, 
u.sing female-to-female adaptors as nec¬ 
essary to make connections. If largc‘-size 
twinax cable is being used for the stimple 
and for tluj pads, adaptoi*s from the 
small-size connectors on the balun termi¬ 
nal units to the large-size series of con¬ 
nectors used on the sam])le and pads can 
be readily made from a few inches of 
KG-22H/1* small-size twinax cable with 
a UG-42l/l" small-size connector on one 
end and a large-size connector on the 
other end. The liraid of the small-size 
cable, if folded back over the cable jack¬ 
et, will fit nicely into soldering jxisition 
in the large-size connector. 

Cable Sample: Most twinax cable types 
have a nominal impedance of 95 ohms, 
and the impcHiance at the baluns is 200 
ohms, produced by the u.sual 4:1 im¬ 
pedance-transforming ai'tion in thebalun 
from the 50-ohm impedance of the signal 
.source or detector. If no matching cable 
jiads were u.sed, a mismatch of 2.10 in 
VSWR would exist at each end of the 
cable sample where it connects to the 
balun. The reflection-lo.s.s correction, as 


determined from Figure (5, would be 1.18 
dl>. (In Figure f3, the impedance scale 
having 200 ohms opposite a WSWR 
value of 1 applies when the baluns are 
used in the measuring setup.) It is rcH.*- 
ommended, however, that ])ads be used 
to match the cable sample between it 
and the baluns so as to eliminate the 
need for any reflcction-lo.ss correction, 
partly becmiso the correction is fairly 
large and partly because, as a result, an 
appreciable error could then be cau.sed 
by a .small mlsadjustment of the baluns. 
Making the Measurement: Tln‘ method 
of measurement is the same as that for 
coaxial cables, as de.scribed previously, 
and no reflection-lo.ss correction need be 
made since matching pads arc used. 

ATTENUATION OF UNSHIELDED 
TWIN-CONDUCTOR CABLES 

There are several 300-f)hm cables arul 
one 2(X)-ohm cable in this category. They 
can be measiued by use of the Type 874- 
UB Baluns in exactly the same way as 
for the twinax cables just discus.st»d, 
except that difTerent balun terminal 
units are used. The reflection-loss correc¬ 
tion can always be eliminated. 

The Type 874-rB-R3 300-ohm Balun 
Terminal Pad is used with each balun 
when 300-(jhm cable samples are mea.s- 
ured, and the Type 874-lT4-l’2 200-ohm 
Terminal Unit is used for 200-ohm cable 
samj)les. In both cases, the cable sample 
is sufficiently well matched by the bahuis 
with their termination units .so that no 
reflection-loss correction is neces.sary. In 
setting up the “sample out” condition, 
the most direct possible connection 
should be made between the two balun 
terminal units to avoid reflection erroi*s 
in this reference condition. The terminal- 
unit binding posts sluMild be butteil to¬ 
gether end to end, with very short U’s of 
bare wire to hohl them together. 
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Figur* 8. (L»H) Adaptor made up from RG-22B/U cable with large-size and smail-size twinax connectors. 
(Right) Type 874-UB-P4 Adaptor to connect bolun to small twinax connector. 


Care must be taken to keep the un- 
shieliled cable sample well away from 
interfering; objects, including other parts 
of itself. This reqiiir(*mont rules out 
mea.suring a coiled sample and u.sually 
requires the sample to be strung around 
the room, or up and down the hall, on 
non-metallic hangers and spaced two or 
three fetd from walls, pii>e8, and the like. 
This is admittwlly a nuisance, but such 
precautions appear to be unavoidable. 

MEASUREMENT OF ATTENUATION 
AT OTHER FREQUENCIES 

There are several military cables that 
require a measurement of attenuation 
at 1 Me. The attenuation values are gen¬ 
erally so low that the accurate use of the 
insertion-loss method requires very long 
cable lengths. Ji better method is to use 
an impedance bridge, with which the 
open-circuit and short-circuit reactance 
of a cable sample having an electrical 
length of one-eight h wavelength and the 
open-circuit or short-circuit re.sistance 
of a cable having an electrical length of a 
tiuai*ter wavelength can l)e measured. 
(The elei’trical length equals the physical 
length multiplieil by the square root of 
the effective dielectric constant of the 
insulating material.) .\ttenuation can 
then bo accurately calcidattn;! from these 
resistance and reactance values, using 
the following equations.** 

^ **For a detail»d dUcuMion of thi» bridge method, inrlud- 
ing a refined technique for jetting maximum accuracy, 
aee '‘Meaauremcnta of the Characteristics of Transmis¬ 
sion Lines.'* by Ivan Ci Easton, in the NovemWr and 
nct^ember. MU.3. issues of the Erprrimrnlfr. 


or 

8()8.b 


where Zq = yJ\Xsc\ * |-Vr,r|, and 

Xoc are the short- and open-circuit re¬ 
actances, respectively, of the eighth 
wavelength section used to determine 
Zq, and and R^c are the resistances 
for the quarter wavelength section. 
Measurements at 5 Me can be made in 
the .same manner. 

The Type lOOb-A R-F Bridge is well 
suitcnl for measurements at 1 Me and 
5 Me. 

Departing from military spe<.*ifications 
for a moment, there are occasions when 
a cable designer or a development en- 
ginefT making use of cable might want 
to measure a particular cable at fre¬ 
quencies other than 1 Me, 5 Me, 400 Me, 
and 3,000 Me. The insortion-lo.ss method 
as descrilxnl can be used at any fre¬ 
quency between about 20 Me and 
4,000 Me, a range that includes the UHF 
television band (475 to 890 Me), as.sum- 
ing that suitable oscillatora are on hand. 
The bridge method mentioned above can 
be used at almost any frequency for 
which a bridge is available, provided 
that cable lengths can be selected to 
give resistance and reactance readings 
that are within, or can be brought with¬ 
in, the accurate range of the bridge. 
Special methods can be devised in par- 
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ticular problems using standard instru¬ 
ments. For example, a capacitiuice 
bridge (Type 71G-C) can sometimes Ik* 
useil to mesisure all four cable parameters 
(R, L, G, and C) of a short cable length 
(25 ft.) at low frequencies (1(K) Kc), and 
attenuation can then be cal(Milate<l. A 
larg<* st'lection of General Radio liridges 

LIST OF EQUIPMENT 


In addition to tho itomt listed in previous installments, the following units ore used in meosuring twin><onducter 
cobles. 


Quantity 

item 

Price 

2 

Typo 874-UB Baiun.. 


$150.00 

2 

Typo 874-UB-P2 200-ohm Torminal Unit. 


13.00 

2 

Typo 874.UB-P3 30O-ohm Torminol Pod. 


30.00 

2 

Typo 874-UB-P4 Adaptor.. 


100.00 

4 

Typo 8744.10 Air Linos. 


22.00 

4 

Typt 874-D20 Adfuitablo Stubs. 


56.00 


and similar impe<Iance-measuring de¬ 
vices is available to cover the frequency 
range from low aiiilio frequencies to 
5,000 Me.'* 

— W. R. Thi rsto.n 
f To hr. continued) 

'*OurSalev Kniriiiporing Dcpiirtnient will be glndto make 
reeoinmeuclai iorw for any Hpreifir mnuiurcjnent problcui*. 


For measurements by the bridge method at 1 Me, tho following instruments are recommended: 


Quantity 

Item 

Price 

\ 

Typo 1606-A Rodio-Froquoncy Bridgo. 

$620.00 

1 

Typo 1212-A Unit Null Ootoctor. 

145.00 

1 

Typo 121 l-B Unit Osciliotor. 

275.00 

I 

Typo 1212-P2 1-Mc Filtor. 

30.00 

2 

Typo 1203-B Powor SwppIlM .@ $40.00 

80.00 


NEW COMBINATION 3-WIRE AND 2-WIRE POWER RECEPTACLE 


As rapidly as production scIuhIuIcs 
will permit, General Radio ac-operated 
instruments are l>eing equipped with 3- 
contaet power-input receptacles that 
will accrept either the standard 2-wire 
power cord, 'rvPE CAP-35, or t he new 3- 
wire cord CAP-15.^ The 2-wire cord will 
Ih! supplied with instruments iinli*s8 the 
3-wire typi^ is sfX'cified in the order. 

The new 3-wire receptacle is avail¬ 
able for installation by our customers 
in inst rumen la that now have the 2-wire 
receptacle. DesignaUxl Type KM)-A, this 
receptiu’le, unlike the old 2->\ire type, 
is not r(*ces.scHl, which would require an 



Front and rear views of the Type 109-A 3-wire 
receptacle. 


excessively large diameter. Instead, 
the new receptacle is interchangeable 
with the old 2-wire receptacle on exist¬ 
ing instruments, without change in 
mounting hok*s. 


Type 1 

Cwie Wnni 

Price 

109-A 3-wiro RacapiBcIt. 

TKiPi; 

$1.25 

•'‘3-Wlro Powor Cord" Omemt Radio SxfMerimeHtrr, 31, 0. February, 1957. 
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TYPE 1203-B UNIT POWER SUPPLY 


The popular, gpiu*ral-i)iirp<»sj* Unit 
Power iSupply Type 1203-A, (i(*signe<l 
primarily U) provide a-c healer and d-c 
plate |M»wer for CJeiKTal Radio Unit In- 
stninients, hsiR been replaced by an im¬ 
proved version Type 1203-B. TIk* cir¬ 
cuit of llu' new model has lieen revised 
t<i include a<lditional filter capacitance, 
thereby rwlucing the output ripple. By 
a rearrangement of components, the 
fu.si*s have lM*en movcMl to the fnmt pan«*I 
for Kreal<*r <*onvenience of serviciuK- 

^'he 230 V, 50-<‘ycle nuxlel 1'ypf. 1*203- 
At^l 1 has ImH'Ii n^placed by the 'rvPE 
1203-B(il8 for 230 v, 50- to (»0-cycle 
servii'e. 

In both new rivKlels these chanc<*s 



View of lh« Typ« 1203>B Unit Power Supply. 

have been aceornplislied at no increase 
in price. 


SPECIFICATIONS 


Output (ot 115-v input): iiOO V (Jr (dh5%) ul 
50 iiui; 0.3 V nr nt 3 nmp; (with n-r IinmI at 1.5 
^ nmf» or I(«h, max d-r load ia r>5 run, about 2H5 

V dr). 

Roguiotion: At HO load, d-r output, is 380 v. 
Ripple: li(^ tlwui 80 inv (120 cps) nt full load. 
Input: 10.5-125 V, 50-00 cps, 50 w full lo:ul at 

115 V, 

Conn«ctor«: l/uiP ronl porrruuiciitly attarluvl 
to itisiruriMMit. Standard 4-point (Tonnerl.or 


mounted on cabinet side U*r other Unit In¬ 
st ni men ts. 

Roctifior: 0X4. 

Accessories Supplied: Matinij: pluR fer LHpiipment 
other than Unit Instruiiuuits; span* fuses. 
Housing: itlack-(*rackle-tiniMh uluininiini panel 
and si«l(*s. Alnminiitn cover finislu^d in cl(?ar 
kuMjurr. 

Dimensions: VV*idth 5 ill., height 5^4 in., depth 
Otif in. over-all. not includiiiK power cord. 
Weight: 5 fHJIind.s, 


Type 


(\ttlr iron/ 1 

l*rice 

1203-6 

(115 volts, 50-60 cycles). 

.\I.IVK 1 

$40.00 

1203-BQ18 

(230 volts, 50-60 cycles). 

.\i.ivkkk(;ai. 

50.00 


VACATION 

DiiriiiK the wc'eks nf .July 22 and July 
2t), our Manufaetiirin^ Departments 
will he elos(*d for vacation. 

3'hcrc will he hiisiiH^s a.R u.siial in the 
Sah^s l‘ai|tin(MM'in^ and (^uuincrcial Dc*- 
^ partmciilK. lti(piiri(\R, inchidiiiK r<H|U(»sls 
for t<*chnical and commercial inforina- 


CLOSING 

lion, will receive our usual prompt 
attention. 

Diir SiMviee Department re(iu(*sts 
that, lK*cause of abs«*iict^ in the manu- 
factiirinji: and repair t^roiips, shipments 
of efpiipineiit to be r<‘paired be seluniuled 
to reach us after the va(*ation period. 
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CHAIRMAN RETIRES 



Ilanild H. Richmond, for the past 
thirte('!i years C’hairmjui of tlie Br>ard 
of the (leni'ral Radio (’ompmiy, retire<i 
on Jime 30, having reacluMi the 

Company’s mandatory retirement age. 

After liis graduation from the M:issa- 
chusctts Institute of Te<*hnolog\' in 1914, 
lie s<»rved with Stone A Webster and 
later was a member of the electrical en- 
giiMM'ring teaching staff at MIT. lie was 
calle<l to active duty as an officer in the 
Coast Artillery C'orps in the first World 
War. He joined the Cleneral Radio (V)m- 
pany as an enginiH*r in 1919 and two 
years later was electeil its S(»cretary. He 
bmime Tre:isurer in 1920, which |M)si- 
tion he held until his election lis (’hair- 
man of the Board of I)irf*ctoi*s. 


His principal interests have always 
been in thebu.sinessand managerial affairs 
of the Company. In addition to carry¬ 
ing on this work with vigor and high 
ability, Mr. Richmond has found time 
for notable work in outside affairs. He 
has l)een director and president of the 
Radio Manufacturers Assriciation (now 
RETMA); director, president and chair¬ 
man of the Scientific Apparatus Makers 
Association; dirwtor of the Lil)erty 
Mutual In.surance Company and of the 
Boston Woven Hose and Rubber C’om- 
pany. In addition, because of a deep in¬ 
terest in cnlucation, he has served for 
many years as a member of the corpora¬ 
tion of the Ma.ssachusetts In.stitute of 
Tei*hnolog>' and as a trustee of North¬ 
eastern Cniversity and of Norwich 
University. 

During the .second World War, he was 
Chief of the Ciuid^xl Missile Division of 
the National Defense Research C’om- 
mittee at a time when few had much 
faith in the future of guidf^l missiles. 
For his energy and fon^sight in promot¬ 
ing continued res<*arch along these lines, 
he was awardinl the Presidential Meiial 
for .Merit and was later C’hairman of the 
National Academy of Science Ordnance 
Advisory C'ommitteeon Cluided Missiles. 

His wise leadership and coun.std have 
contributed much to the establishment 
of many of the (’ompany’s basic policies 
and to its present posit ion in the industry. 



General Radio Company 
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